Abstract The effects of different estrus synchronization techniques on follicular development and estrus response were studied in 81 nulliparous Boer does. The does were divided into nine groups. Eight of the nine groups were synchronized with prostaglandin F2-alpha (PGF 2α ) or flugestone acetate (FGA) or their combinations, and the ninth group was a control group. In addition to the above combinations, four of the eight synchronized groups were given 5 mg follicle-stimulating hormone (FSH) and the remaining four groups were administered 300 IU equine chorionic gonadotrophin (eCG). Posttreatment follicular development was monitored until ovulation occurred using a real-time Bmode ultrasound scanner (Aloka, 500 SSD, Japan), with a 7.5-MHz transrectal linear probe. All the does from the synchronized groups that were given eCG exhibited oestrus while only 88.9% of the does synchronized with FSH showed estrus. The estrus response was observed to be the least among the does synchronized with PGF 2α + FSH (33.3%) combination followed closely by the FGA + FSH (42.9%) combinations. It was observed that the combinations of FGA + PGF 2α + FSH resulted in increased percentage of estrus response, duration of estrus, and ovulation. The number of follicles was higher (P<0.05) in FSH-synchronized groups than the eCG-synchronized groups. It was concluded that the best estrus synchronization protocol in goats is the FGA + eCG with or without PGF 2α . However, the PGF 2α + FGA + FSH method of estrus synchronization is the most promising combination for further development as a better alternative to estrus synchronization with eCG in does.
Introduction
The application of estrus synchronization in farm animals has significantly improved the efficiency of fixed time artificial insemination in many breeding programs (Whitley and Jackson 2004; Chao et al. 2008) . Procedures aimed at manipulating the estrous cycle in different breeds of ruminants involved either shortening the luteal phase using prostaglandin such as PGF 2α or extending the follicular phase with exogenous progestagens (Kusina et al. 2000; Wildeus 2000) . PGF 2α -based synchronization protocols are only applicable during the breeding season in cyclic goats with corpus luteum (Wildeus 2000) . However, the most widely practiced methods of estrus synchronization are progesteroneor progestagen-based protocols (Husein et al. 2007; Menchaca et al. 2007) . Progesterone intravaginal products used in does include controlled internal drug-releasing device (CIDR), flugestone acetate (FGA), and methyl acetoxyl progesterone (MAP) (Wildeus 2000) .
Estrus synchronization protocols in goats are influenced by genotype-environment interaction, and this necessitates more observations of the response of does to estrus synchronization under the conditions in which the goats would be raised (Wildeus 2000; Whitley and Jackson 2004) . Goats can thrive in harsh arid and semiarid environments with limited feed resources (Silanikove 2000) . However, their management under hot and humid tropical conditions might present additional challenges to successful reproductive management. Studies in relatively thermotolerant Bos indicus cattle show that exposure to hot and humid tropical conditions could result in deleterious long-term effects on follicular development (Torres-Júnior et al. 2008) . Measurement of blood cortisol concentration can provide the best indicator of stress conditions in ruminants (Silanikove 2000) .
A higher percentage of goats exhibited estrus and ovulated when gonadotrophin was co-used with either progesterone or prostaglandin for estrus synchronization (Husein et al. 2007 ). Equine chorionic gonadotrophin (eCG) which was previously called pregnant mare serum gonadotrophin (PMSG) and follicle-stimulating hormone (FSH) were the most often used gonadotrophins in ruminant estrus synchronization protocols (Wildeus 2000; Al-Merestani et al. 2003; Amarantidis et al. 2004; Husein et al. 2007 ). However, Baril et al. (1996) and Wildeus (2000) observed that repeated use of eCG for estrus synchronization results in immunogenic reactions and production of anti-eCG antibodies which decreases the fertility of the does. It is therefore important to explore the effectiveness of the estrus synchronization protocols using alternatives to eCG. The aim would be to avoid exposure of the does to eCG upon introduction into a breeding program. Development of alternative protocols with FSH could help prevent the adverse effects of eCG on future fertility. Therefore, the objective of this study was to describe the preovulatory follicular growth and estrus response following estrus synchronization using PGF 2α , FGA, and their combinations with either exogenous eCG or FSH. The serum cortisol concentration of the does was measured to determine presence or absence of stress in cycling non-seasonally polyestrous does raised under hot and humid tropical conditions.
Materials and methods
In the present study, a total of 81 cyclic nulliparous does of Boer breed were randomly divided into nine equal treatment groups were used. The does were approximately 18 months old with an average body weight of 26 kg. The median body condition score as suggested by Burkholder (2000) was 3 (scale of 1 to 5). The goats were housed in raised pens with slatted floors at a commercial goat farm located at 3°15 N latitude and 101°32′ 60 E longitude in Selangor, Malaysia. The average 24-h ambient temperature, solar radiation, and relative humidity during the study period were 28.6°C, 19.4 MJ m −2 , and 74%, respectively. The goats were fed with spent soya bean pulp, palm leaves silage and supplemented with commercial pellets to achieve a daily intake of about 3% of their body weight. Water and salt licks were provided ad libitum. The proximate composition of the given feed was 16% crude protein and 10 MJ/kg metabolizable energy. The treatment groups and the type of gonadotrophin used in the study are presented in Table 1 . Estrus was synchronized using different combinations of PGF 2α (Estrumate™, Schering-Plough) and FGA-impregnated vaginal sponges (Ovakron™, Johannesburg). The gonadotrophins used were FSH (Ovagen™, ICP Auckland, New Zealand) and eCG (Sergon™, Bioveta-Ivanovice).
Estrus response
Detection of estrus was conducted twice daily for 1 h at 0700 and 1800 hours beginning 24 h after last PGF 2α injection or removal of FGA with the aid of two vasectomised bucks using the method described by Amarantidis et al. (2004) . Time to onset of induced estrus was the period from the cessation of treatment to estrus, while the duration of estrus was considered to be the period of standing estrus.
Ultrasonography
Ultrasonographic monitoring of ovarian follicular development following cessation of treatment was conducted using a real-time B-mode ultrasound scanner (Aloka, 500 SSD, Japan), attached to a transrectal 7.5-MHz linear probe (UST-660-7.5 model). Ultrasonographic scanning procedure under the standing method of restraint as described by Simoes et al. (2005) was used in this study.
The ultrasound scanning of the ovaries was performed once daily from 0800 to 1100 hours for 4 days commencing immediately after the end of treatment to monitor preovulatory growth of follicles and occurrence of ovulation. Five days after ovulation, the ovaries were scanned again to observe growing corpora lutea (CL). Ovulation was observed when a large ovulatory follicle (≥5 mm in diameter) collapsed, with the subsequent appearance of a corpus luteum (on the same location) at the ovulated site (Ginther and Kot 1994) . The follicles were classified into three categories based on their diameter as previously described by Menchaca et al. (2007) . Follicles in group 1 (small) are between 3 and 4.4 mm, in group 2 (medium) between 4.5 and 5.4 mm, and lastly in group 3 (large) follicles are at least 5.5 mm.
Radioimmunoassay
Blood samples were collected from all the does, at the 48th hour after end of treatment. The blood samples were collected from the jugular venipuncture into plain vacutainer tubes and allowed to clot at ambient temperature (32°C) for 30 min. The serum was separated by centrifugation at 3,000 rpm for 15 min, and stored at −20°C pending assay. Hormonal analysis of serum cortisol was performed using radio immunoassay (RIA) 125 I kit (DSL-2000, Diagnostic Systems Laboratories Inc. Webster, TX, USA) for the quantitative measurement of cortisol in serum. The assay sensitivity was 0.11 μg/dl. The range of standards was 0 to 60 μg/dl. The inter-assay coefficient of variation was 3.4%.
Statistical analysis
Data from two does each from the FGA + PGF 2α + eCG and FGA + FSH groups were excluded from the analysis due to ill health during the period of estrus synchronization. Follicular population data for the left and right ovaries were combined and summarized for each goat. Unless otherwise indicated, all data were presented as mean ± S.E.M. Nonnormally distributed data of medium and large follicles were log transformed prior to analysis. One-way analysis of variance was used to analyze for differences between means of treatment, and significant outcomes were further analyzed using Duncan's multiple range test. Data were analyzed using a statistical software program (SPSS Inc. Version 17). Analyses were considered as statistically significant at P<0.05.
Results
The results from Table 2 depict the numbers of small, medium, and large follicles; number of new follicles; and the maximum size attained by the follicles. The average number of small, medium, and large follicles were significantly different (P<0.05) among the eight synchronized groups and control. In general, the average numbers of small follicles were higher in the FSH-synchronized group compared with the eCG group ( Table 2) .
The numbers of medium follicles were higher in the FSH-synchronized group when compared with the eCG group. The highest number of medium group follicles was observed among the FGA + PGF 2α + FSH group. A significantly higher (P<0.05) number of medium follicles was observed among groups synchronized with PGF 2α + FGA + FSH and FGA + PGF 2α + FSH compared with other synchronized and control groups. Similarly, the highest number of large follicles was observed in FGA + PGF 2α + FSHsynchronized group while number of large follicles in the remaining synchronized and control groups were not significantly different from each other (P>0.05).
The number of new follicles was highest in the group synchronized with a combination of FGA + PGF 2α + FSH followed by PGF 2α + FGA + FSH-synchronized group. However the number of new follicles in the PGF 2α + eCG and PGF 2α + FSH-synchronized groups were the lowest and not significantly different with each other and the control group. The general trend in the results was follicular turnover for all of the categories were highest using PGF2α in FGA + FSH-synchronized groups.
The size attained by the ovulatory follicle was the largest in the PGF 2α + FGA + eCG group while the least was in the PGF 2α + FSH-synchronized group. The above trend of higher follicular turnover in PGF 2α in FGA + FSHsynchronized groups did not extend to the distribution of maximum size of ovulatory follicles as it is observed that the eCG-synchronized groups produced larger maximum follicle size when compared with the FSH-synchronized groups.
The results from the Table 3 indicate the distribution of different responses to the various estrus synchronization methods and the proportions of goats that ovulated in each group. All the does that were synchronized with eCG exhibited estrus. On the other hand, the percentage of goats displayed estrus in the FSH-synchronized group ranged from 33.3% to 88.9%. Groups that were synchronized with Among the does in the synchronized groups, it was observed that goats in the PGF 2α + eCG category showed onset of estrus only 76±3.5 h from the end of treatment. The does with the earliest onset of estrus were from the PGF 2α + FSH group. As for estrus duration, the shortest period was observed in FGA + FSH group, and the time duration did not differ significantly from the PGF 2α + FSH-synchronized and control groups.
The results from the study indicate that the response of eCG was better than FSH. Thus, combination of FGA + PGF 2α with FSH administered at insertion or withdrawal increased the number of goats that displayed estrus and the number of Graafian follicles that ovulated. The serum cortisol levels in all the synchronized groups studied were normal and not significantly different (P>0.05).
Discussion
The results from the study indicate that the percentage of goats that displayed estrus, time to onset, and duration of Values with different lowercase letters within columns denote statistical significance (P<0.05) a Two does from each of these two groups became ill and thus were excluded from the experiment Values with different lowercase letters within columns denote statistical significance (P<0.05) a Two does from each of these two groups became ill and thus were excluded from the experiment estrus in all the synchronized groups with the combination of PGF 2α , FGA, and eCG were similar to previous reports (Montlomelo et al. 2002; Amarantidis et al. 2004; Dogan et al. 2005 In the present study, the percentage of estrus response and ovulation rate differed probably due to failure of LH surge in does that did not ovulate (Letelier et al. 2011) . The percentage of goats that displayed estrus, time to onset, duration of estrus, and ovulation among the eCGsynchronized groups were higher compared with the FSH-synchronized groups, suggesting that a single dose of eCG (300 IU) was more effective than a single dose of FSH (5 mg) in inducing estrus response. This is because eCG enabled the follicles to reach final maturation stage. The effectiveness of eCG could further be explained with a previous report by Riesenberg et al. (2001) who suggested that the short half-life of FSH (3.4 h) provided a shorter period of stimulation of ovarian follicular development when compared with eCG which had a longer half-life (6 days). Studies on sheep had, however, suggested that at the beginning of the breeding season, a single dose of 5 or 10 IU FSH treatment at the end of progestagen treatment appeared to be superior in inducing first estrus and during the mid breeding season, suggesting that FSH was equally as effective as eCG (Boscos et al. 2002) .
Differences in breed, nutrition, and management could account for the differences in response between the current study and previous reports (Wildeus 2000; Whitley and Jackson 2004) . Previous studies have also shown that the type of estrus synchronization treatment influenced the preovulatory follicle development, estradiol secretion, and estrus response (Fernandez-Moro et al. 2008) . The goats used in the current study were nonseasonally polyestrous and not influenced by photoperiod (Devendra and Burns 1983) . Furthermore, the goats were housed in sheds under natural light and in Malaysia-the ambient temperature, relative humidity, and solar radiation are quite uniform throughout the year with an average of 11 h of daylight. The results as obtained by both Amarantidis et al. (2004) and Dogan et al. (2005) indicate that the does were allowed to browse freely on natural pasture during the day but restricted indoors at night, while in the current study, the does were kept indoor throughout the study but with sufficient space for free movement and exercise within the pens.
The housing is as depicted below: Figure Furthermore, the type of estrus synchronization method influenced the estrus response. Montlomelo et al. (2002) reported that the time from the end of treatment to the onset of estrus was significantly advanced in the CIDR when compared to FGA-synchronized does. The use of either PGF 2α or progesterone devices, with or without gonadotrophins (eCG and FSH), also influenced the estrus response following estrus synchronization in does (Zhao et al. 2010) . PGF 2α , given either at the time of sponge insertion or at the time of sponge removal, did not significantly affect the estrus response, time to onset, and duration of the induced estrus in eCG-synchronized groups. Dogan et al. (2005) A B similarly found no significant differences in the percentage of estrus response, average time to onset, and duration of estrus between FGA + PMSG + PGF 2α and FGA + PMSG, synchronized groups in non-lactating Anatolian black does during the natural breeding season. In contrast, priming with FGA before the administration of PGF 2α and 400 IU of PMSG influenced not only the onset, but also the duration of the induced estrus period compared with estrus synchronization with PGF 2α + PMSG or with FGA + PMSG (Amarantidis et al. 2004) . This difference in response to PGF 2α administration in FGA estrus-synchronized does between the indigenous Greek does studied by Amarantidis et al. (2004) and the Anatolian black does used by Dogan et al. (2005) probably supports further the notion that differences in breed might influence the response of does to different estrus synchronization protocols. Furthermore, Chao et al. (2008) reported that individuals within the same breed consistently showed short estrous cycles after estrus synchronization with progesterone sponge and eCG, probably due to defective luteal function in those individual does.
On the other hand, administration of PGF 2α to FGA + FSH-synchronized goats at the time of sponge insertion or at the time of sponge removal increased the percentage of goats that displayed estrus and ovulation. This finding implies that PGF 2α could be an important component of FGA + FSH-based methods of estrus synchronization. This beneficial effect of the exogenous PGF 2α might be due to the induced luteolysis resulting in decreased progesterone secretion, allowing for increased follicular development and estradiol production by the preovulatory follicles (Letelier et al. 2011 ). In addition, progesterone was shown to be a very important endocrine regulator of periodicity of FSH peaks and resultant emergence of cohorts of follicles in cycling ewes (Baby and Bartlewski 2011) . Thus, the luteolytic effect of PGF 2α on the corpus luteum exerts significant influence on follicular development, estrus behavior, and ovulation. Furthermore, it was reported by Bartlewski et al. (2003) that estrus synchronization with PGF 2α and MAP in nonprolific Western white-faced ewes altered follicular dynamics and increased the ovulation rate, although gonadotrophin secretion remained unchanged. In addition, Randel et al. (1996) reported that in the postpartum cow, PGF 2α increased pituitary responsiveness to GnRH to release LH. Thus, the improved follicular turnover that increased the percentage of does that displayed estrus and increased the ovulation rate in the FGA + FSH-synchronized groups that were given PGF 2α in this study could be due to these effects of PGF 2α on the pituitary, supported by the exogenous FSH administered to the goats.
The results of the current study agree with the findings of Zhao et al. (2010) , who observed in Boer does that FSH did not increase the percentage of goats that displayed estrus, estrus duration, and ovulation compared with groups that did not receive FSH in synchronization with vaginal sponges impregnated with levonorgestrel (30 mg). The present findings were also in agreement with the observation by Zhao et al. (2010) that estrus synchronization with levonorgestrel and administration of PGF 2α (0.05 mg) and FSH (25 IU) at the time of sponge removal resulted in the highest estrus response (100%), the shortest time to estrus onset (24 h), and high percentage of does that ovulated (95%) compared with does that were synchronized only with levonorgestrel and FSH or the unsynchronized control group.
The higher turnover of follicles as observed in FSHsynchronized groups when compared with the eCGsynchronized groups suggests better stimulation of ovarian follicular development by FSH when compared with eCG. This is supported by the suggested superiority of FSH over eCG when administered as multiple dosages for superovulation and embryo recovery in goats (Rosnina et al. 1992; Azawi and Al-Mola 2010) . According to Riesenberg et al. (2001) , ultrasonic screening of goats showed that both eCG (1,250 IU) and FSH (17 mg) given as a single application appeared to provide a sufficient stimulus to achieve a satisfactory superovulatory response. Riesenberg et al. (2001) also suggested that due to the short half-life of FSH, a strong exogenous FSH stimulus might only initiate the superovulatory reaction, while the final follicle development is supported by endogenous gonadotrophin. This may explain the low ovulation rates observed in the FSH groups in this study although higher numbers of smaller-sized follicles were observed in these goats. In contrast, eCG which has a longer half-life resulted in more follicles to ovulate.
Serum cortisol concentrations assayed in this study were normal and not statistically different among the groups studied. This finding implies that the different estrus synchronization treatments did not result in increased cortisol concentration among the does. On the other hand, Ozawa et al. (2005) reported that heat stress during follicular recruitment suppresses subsequent growth to ovulation, accompanied by decreased LH receptor level and estradiol synthesis activity in the follicles. Although the serum cortisol concentrations were not elevated during this study, future studies could focus on the effects of these hot and humid environmental conditions on the ovulated oocytes and their subsequent fertility in goats.
In conclusion, the best estrus synchronization protocol in the non-seasonally polyestrous goats studied is the FGA + eCG protocol with or without administration of PGF 2α . However, estrus synchronization with PGF 2α + FGA + FSH resulted in higher follicular turnover than the FGA + eCG method, with or without administration of PGF 2α and is the most promising combination for further development as a better alternative to estrus synchronization with eCG because of adverse effects of eCG on future fertility.
